industries.
Pneumatics has many advantages in these applications, but there are also drawbacks. • To specify the specifications of the valid components of the system.
• To specify the performance requirements of the control.
• To specify the water hydraulic power unit.
• To gain experience in low-pressure water hydraulic servo system applications.
PROBLEMS OF STUDY
The main problems were to find suitable components and fi nd some knowledge about this kind of low-pressure water hydraulic application. The required main components were: a process valve with matching positioning unit, a position sensor, a servo valve, a water hydraulic power unit with needed accessories, and a controller. The basic idea was that there should not be any major problems in fulfilling the specification as far as controlling is concerned, because they can be fulfilled with pneumatics. On the other hand there were questions about the influence of friction forces, leakages, and the quality of components. There was no knowledge about the reliability and life cycle of this kind of application.
SPECIFICATIONS OF SYSTEM
A normal process valve with a standard pneumatic • Average friction force of cylinder and process valve 4000 N.
• Inertia load 10 kg (piston, mechanism, and the moving part of a process valve).
• Servo valve.
• Nominal volume flow 19 1/min.
• Nominal pressure drop/control notch 3.5 MPa.
• -90•‹ band width 600 rad/s.
• Hysteresis<3%.
The performance specifications were set as follows:
• The minimum stroke time for the full stroke 2 s.
• The average piston velocity 38 mm/s.
• • Actuator.
• Friction forces considering also the flexibility of the piston seals.
• Effective bulk module as a function of the piston position.
• Small amount of air in the system (typical in water hydraulics).
• Load force as a non-linear function of the piston position.
• Turbulent volume flow.
• Leakage.
• Hysteresis.
• Overlaps.
• Dynamics as a second order system.
• Inside saturation of the valve.
• Pipes.
• Four order transfer unction.
• Controller.
• Non-linear P-and State controller.
• Sampling time Figure  2 • Some uncertainties in the non-linear model.
• The non-linearities between the piston motion and the valve axis.
• The non-linearities between the piston force and the axis torque.
• Friction forces.
• In these tests the position servo system with a non-linear •EThe hysteresis is 0.04mm (0.05%). •E The settling time is not exact because of disturbances in the position feedback signal.
•E Position error is less than 0.03 mm in the whole stroke range. According to these measurements the following conclusions can be made:
•E Almost all required specifications can be fulfilled.
•E The full stroke-time is 10% too long.
•E The full stroke-time can be shortened by increasing the supply pressure (2.7-->3.5 MPa) without any other influence on performance.
•E There is remarkable noise in the position feedback signal.
It can be eliminated with a suitable filter.
•E The airing of the system is extremely important. There must be airing point in the cylinder connections.
• filter time constant is 100 ms. The velocity feedback inner loop is used to stabilize the dynamic behavior.
Other efforts to solve the control valve problems are presented in [3] , [4] , and [5] .
CONCLUSIONS
According to this feasibility study the following conclusions can be made.
•E Very good steady state and dynamic performance can be achieved.
•E The dynamics of a control valve can be rather poor compared to typical material handling applications.
•E The positioner based on commercial components is too expensive.
